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CHRONIC TOXICITY SUMMARY

NICKEL AND NICKEL COMPOUNDS
NICKEL OXIDE

Molecular
Formula

Molecular
Weight Synonyms

CAS Registry Number

Ni 59 elemental nickel 7440-02-0
NiO 74.69 nickel oxide 1313-99-1

NiCl2 129.6
nickel chloride
nickel dichloride 7718-54-9

NiSO4 154.75
nickel sulfate
nickelous sulfate 7786-81-4

NiCO3 118.7
nickel carbonate
carbonic acid nickel salt 3333-67-3

Ni3S2 240.19

nickel subsulfide
trinickel disulfide
heazlewoodite 12035-72-2

I. Chronic Toxicity Summary

A. Nickel and Nickel Compounds (except nickel oxide)

Inhalation reference exposure level 0.05 µg Ni/m3

Critical effect(s) Lung, nasal epithelial and lymphatic pathology
in male and female rats

Hazard index target(s) Respiratory system; hematopoietic system

B. Nickel Oxide

Inhalation reference exposure level 0.10 µg Ni/m3

Critical effect(s) Lung and lymphatic pathology in male and
female rats

Hazard index target(s) Respiratory system;  hematopoietic system
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II. Physical and Chemical Properties (from HSDB, 1995)

Description Ni metal: Silvery metal; NiCl2: deliquescent
crystals (U.S.EPA, 1985)

Molecular formula See above
Molecular weight See above
Density 8.9 g/cm3 @ 20°C (Ni)
Boiling point 2730°C (Ni)
Vapor pressure Not applicable
Solubility Elemental nickel, nickel subsulfide, and nickel

oxide are insoluble in water, but are soluble
in dilute nitric, hydrochloric, and sulfuric
acids.  The chloride and sulfate forms of
nickel are water soluble.

Conversion factor Not applicable for fumes and dusts

III. Major Uses and Sources

The most common airborne exposures to nickel compounds are to insoluble nickel compounds
such as elemental nickel, nickel sulfide, and the nickel oxides from dusts and fumes.
Contributions to nickel in the ambient air are made by combustion of fossil fuels, nickel plating,
and other metallurgical processes.  The most common oxidation state of nickel is the divalent
(Ni2+) form (U.S.EPA, 1985).  Elemental nickel is a malleable, silvery-white metal that is highly
resistant to strong alkali.  Because of its corrosion resistance, nickel is used in the production of
stainless steel, permanent magnets, and other alloys that require resistance to extremes of
temperature or stress (U.S.EPA, 1985).  Nickel is also used in electroplating baths, batteries,
textile dyes, and catalysts (U.S.EPA, 1985).  Nickel dust or powder is flammable (CDTSC,
1985).  Due to its unique toxicological and physico-chemical properties, nickel carbonyl is not
included in this summary.  The annual statewide industrial emissions from facilities reporting
under the Air Toxics Hot Spots Act in California, based on the most recent inventory, were
estimated to be 110,334 pounds of nickel (CARB, 1999).

IV. Effects of Human Exposure

Several studies have indicated that occupational inhalation exposure to nickel aerosols can result
in development of asthma specific to nickel.  Davies (1986) found 3 cases of asthma among 53
nickel-plating workers without a history of asthma prior to employment.  Novey et al. (1983)
described biphasic metal-specific bronchial responses in an individual metal-plating worker
exposed to nickel and chromium salts.  In another case, immunological studies conducted in a
24-year old man showed nickel-specific antibodies in the serum after several weeks of working
in a nickel-plating shop using nickel sulfate (McConnell et al., 1973).  Dermatitis was observed
on exposed areas of his skin, and pulmonary function, measured by FEV1 with and without
isoproterenol challenge, was significantly impaired compared with a control subject and normal
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values.  Dyspnea, non-productive cough, chest-tightness, and wheezing were reported as
symptoms by this worker during the work period.

A group of 7 metal plating workers with occupational asthma were evaluated for atopy and
pulmonary function challenge in response to inhalational challenge with nickel and other metals
(Cirla et al., 1985).  Three of the asthmatics tested positive for the presence of nickel-specific
IgE antibodies.  Positive reactions to skin testing with nickel were found in 3 of the asthmatic
workers who also had dermatitis.  Six out of the 7 asthmatics exhibited significantly decreased
FEV1 (> 15%) when exposed to 0.3 mg/m3 nickel sulfate for 30 minutes.  Control challenges
with other metal salts did not reveal similar deficits in FEV1.

Although asthma has been described in the above studies, occupational inhalation of nickel dusts
has not been found to be associated with pulmonary fibrosis (Muir et al., 1993).  An
occupational epidemiology report by Broder et al. (1989) found no significant effects on
pulmonary function in relation to nickel exposure in a nickel smelter, however a healthy worker
effect was observed in this study.

V. Effects of Animal Exposure

Early studies on the chronic non-cancer effects of metallic nickel dust were complicated by early
mortality and cancer in guinea pigs and rats (Hueper, 1958).

A 2-year inhalation study of nickel oxide in rats and mice (65 per sex, per group) was conducted
by the National Toxicology Program (NTP, 1994a).  In the first study, rats were exposed to 0,
0.62, 1.25, or 2.5 mg nickel oxide/m3 (0, 0.5, 1.0, or 2.0 mg Ni/m3) 6 hours/day, 5 days/week for
104 weeks.  In addition to the carcinogenic effects of nickel oxide, a number of non-cancerous
lesions were observed, particularly in the lungs.  The incidence of inflammatory pigmentation in
the alveoli was significantly greater in all exposed groups, compared to controls.  The severity of
the lesions reportedly increased with increasing exposure.  Atypical alveolar hyperplasia was
also seen in all exposed groups.  Lymphoid hyperplasia in the bronchial lymph nodes was
observed in males and females exposed to 1 mg Ni/m3 or greater at 7 and 15 months and the
incidence generally increased with increasing concentration at the end of the 2-year study.
Females had an increased incidence of adrenal medullary hyperplasia at all exposures of nickel
oxide.  Body weights were significantly lower in the groups exposed to 2.0 mg Ni/m3 for both
sexes, and in males exposed to 1.0 mg Ni/m3.

A companion study on nickel oxide in mice conducted by NTP showed similar lung
inflammatory changes as seen in the rats, in addition to pigmentation of the alveolar region at all
exposure concentrations, compared with controls (NTP, 1994a).  The mice were exposed to 0,
1.0, 2.0, or 3.9 mg Ni/m3.  Bronchial lymph-node hyperplasia was also evident in all nickel-
exposed animals.  Body weights were slightly but significantly lower in the 3.9 mg Ni/m3 group,
compared with controls.

A continuous exposure of rats (20 - 40 per group) to 0, 60, or 200 µg Ni/m3 as nickel oxide for 2
years resulted in severe pulmonary damage and premature mortality so that carcinogenesis could
not be evaluated (Glaser et al., 1986).  Pulmonary alveolar proteinosis and septal fibrosis were
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observed in the animals exposed to nickel.  Only 1 rat per group survived the nickel exposures to
the end of the experiment.

A 2-year study on the effects of nickel subsulfide in rats and mice was conducted by NTP
(1994b).  Rats (52-53 per sex per group) were exposed to 0, 0.15, or 1 mg Ni3S2/m3 (0, 0.11, or
0.73 mg Ni/m3) for 6 hours/day, 5 days/week for 104 weeks.  Body weights were lowered in rats
exposed to 0.73 mg Ni/m3 compared with controls.  Lung inflammation, alveolar hyperplasia,
macrophage hyperplasia, and pulmonary fibrosis were observed with a significantly increased
incidence at both nickel concentrations.  Female rats exposed to nickel had significantly
increased adrenal medullary hyperplasia.  In addition to the pulmonary lesions, nasal
inflammation and olfactory epithelial atrophy was observed in both sexes exposed to 0.73 mg
Ni/m3.

In the second phase of the NTP study (NTP, 1994b), mice were exposed to 0, 0.6, or 1.2 mg
Ni3S2/m3 (0, 0.44, or 0.88 mg Ni/m3) for 6 hours/day, 5 days/week for 104 weeks.  The same
pathological lesions were observed in the lung and nasal passages as in the rats in the above
study.  These lesions were evident at both the 0.44 mg Ni/m3 and the 0.88 mg Ni/m3

concentrations.  The adrenal medullary hyperplasia seen in female rats was not observed in the
mice.

An exposure of rats to either 0 or 0.97 mg Ni3S2/m3 (0 or 0.71 mg Ni/m3) for 6 hours/day, 5
days/week for 78-80 weeks resulted in decreased body weight, hyperplasia, metaplasia, and
neoplasia in the lungs due to Ni (Ottolenghi et al., 1974).

The NTP (1994c) studied the chronic non-cancer and carcinogenic effects of nickel sulfate
hexahydrate on rats and mice.  Rats were exposed to 0, 0.12, 0.25, or 0.5 mg NiSO4/m3 (0, 0.03,
0.06, or 0.11 mg Ni/m3) for 6 hours/day, 5 days/week for 104 weeks.  Chronic effects of nickel
exposure in rats included inflammatory lesions in the lung, lung macrophage hyperplasia,
alveolar proteinosis, and fibrosis, in addition to bronchial lymph node hyperplasia and nasal
epithelial atrophy.  The above effects were seen at exposures of 0.06 mg Ni/m3 or greater.

Mice were exposed to a similar regimen that included 0, 0.06, 0.11, and 0.22 mg Ni/m3 as nickel
sulfate hexahydrate (NTP, 1994c).  Similar pulmonary, lymphatic and nasal changes were
observed in the mice as with the rats.  Fibrosis was not reported, but an increased incidence of
interstitial infiltration and alveolar proteinosis were observed at exposures of 0.11 mg Ni/m3 or
greater.  No clinical findings or hematological effects were observed, but body weights were
significantly depressed in all groups of nickel-exposed female mice.  The body weights of males
were reduced only in the group exposed to 0.22 mg Ni/m3.

Rats and mice (10 per group) were exposed to nickel sulfate, nickel subsulfide, or nickel oxide 6
hours/day, 5 days/week, for 13 weeks (Dunnick et al., 1989).  Exposure-related increases in lung
weight and histological lesions were observed in both species for all nickel exposures.
Histological lesions included inflammatory changes, fibrosis, and alveolar macrophage
hyperplasia.  Nasal lesions were also observed in animals treated with nickel sulfate or nickel
subsulfide.  Lung weight changes were observed at exposures of 0.05 mg Ni/m3 or greater in
female rats.  Macrophage hyperplasia in the alveolar region was observed at concentrations as
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low as 0.02 mg Ni/m3.  Additional inflammatory lesions in the lungs were observed at 0.1 mg
Ni/m3.

A similar study by Haley et al. (1990) found that exposure of mice to nickel sulfate, nickel
subsulfide, or nickel oxide resulted in various immunological effects.  Mice were exposed to 0,
0.11, 0.45, or 1.8 mg Ni/m3 as Ni3S2; 0.47, 2.0, or 7.9 mg Ni/m3 as NiO; and 0.027, 0.11, and
0.45 mg Ni/m3 as NiSO4 for 6 hours/day, 5 days/week for 13 weeks.  Nickel exposures
consistently decreased splenic antibody-forming cell (AFC) responses, with significant decreases
occurring at 1.8 mg Ni/m3 as nickel subsulfide.  In contrast, AFC responses in the lung-
associated lymph nodes were consistently increased, indicating a possible indirect influence of
inflammatory mediators released in the lung on local lymph nodes.

Rabbits (8 nickel exposed and 8 controls) exposed to 0.24 mg Ni/m3 as nickel chloride 6
hours/day, 5 days/week for 4 weeks exhibited significantly decreased macrophage lysozyme
activity in pulmonary lavage fluid and in macrophage cultures, compared with control animals
(Lundborg and Camner, 1984).  Similar exposures of rabbits to chlorides of cadmium, cobalt, or
copper did not reduce lysozyme activity.

VI. Derivation of Chronic Reference Exposure Level (REL)

A.  Nickel and Nickel Compounds (except nickel oxide)
Study National Toxicology Program, 1994c
Study population Male and female F344/N rats (52-53 per group)
Exposure method Discontinuous inhalation
Critical effects Pathological changes in lung, lymph nodes, and

nasal epithelium: (1) active pulmonary
inflammation, (2) macrophage hyperplasia,
(3) alveolar proteinosis, (4) fibrosis, (5) lymph
node hyperplasia, (6) olfactory epithelial
atrophy

LOAEL 60 µg Ni/m3 (as nickel sulfate hexahydrate)
NOAEL 30 µg Ni/m3

Exposure continuity 6 hours/day, 5 days/week
Exposure duration 104 weeks
Average experimental exposure 5.4 µg Ni/m3 for NOAEL group (30 x 6/24 x 5/7)
Human equivalent concentration 1.6 µg Ni/m3 for NOAEL group males

(particulate with respiratory effects, RDDR =
0.29 based on MMAD = 2.5, sigma g = 1.26,
male rat body weight = 380 g, SA(PU) = 0.34
m2, DEP(PU) = 0.024)

LOAEL uncertainty factor 1
Subchronic uncertainty factor 1
Interspecies uncertainty factor 3
Intraspecies uncertainty factor 10
Cumulative uncertainty factor 30
Inhalation reference exposure level 0.05 µg Ni/m3
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B. Nickel Oxide
Study National Toxicology Program, 1994c
Study population Male and female F344/N rats (52-53 per group)
Exposure method Discontinuous inhalation
Critical effects Pathological changes in lung and lymph nodes:

(1) active pulmonary inflammation,
(2) lymph node hyperplasia

Adrenal medullary hyperplasia (females)
LOAEL 500 µg Ni/m3

NOAEL Not observed
Exposure continuity 6 hours/day, 5 days/week
Exposure duration 104 weeks
Average experimental exposure 89.5 µg Ni/m3 for LOAEL group

(500 x 6/24 x 5/7)
Human equivalent concentration 30 µg Ni/m3 for LOAEL group males (particulate

with respiratory effects, RDDR = 0.29 based
on MMAD = 2.5, sigma g = 1.26, male rat
body weight = 380 g, SA(PU) = 0.34 m2,
DEP(PU) = 0.024)

LOAEL uncertainty factor 10
Subchronic uncertainty factor 1
Interspecies uncertainty factor 3
Intraspecies uncertainty factor 10
Cumulative uncertainty factor 300
Inhalation reference exposure level 0.10 µg Ni/m3

The studies conducted by NTP (1994 a,b, & c) all showed similar non-carcinogenic effects in
rats and mice, regardless of the form of nickel administered.  It therefore appears that soluble and
insoluble forms of nickel cause similar effects in rodents.  The human epidemiological literature
predominantly describes cancer mortality rates from occupational exposures to nickel
compounds, but does not specifically examine non-cancer effects.  However, it is clear from
many case reports that allergies and dermatitis can occur in exposed workers.  Hypersensitive
reactions to nickel have not been quantitatively studied in humans or in animals, therefore it is
not possible to develop an REL based on immunological hypersensitivity at the present time.  A
host of subacute and subchronic animal studies have shown nickel to affect certain
immunological responses unrelated to hypersensitivity, but the applicability of these results to
chronic human exposures and responses involves considerable uncertainty.  Furthermore, data
show that nickel may precipitate onset of asthma in occupational settings.

The results of the NTP studies and these dose response analyses support the speciation of nickel
oxide for noncancer effects.  The health effects data for nickel oxide indicate that its adverse
pulmonary effects were less severe (absence of fibrosis, lower chronic lung inflammation
severity scores) at higher doses than the pulmonary effects observed for nickel sulfate and nickel
subsulfide.  The higher chronic REL value for nickel oxide of 0.1 µg/m3 reflects these dose
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response differences.  Furthermore, while it is based upon a LOAEL, the lower severity of the
adverse health effects at the LOAEL mitigates some of the uncertainty associated with use of a
LOAEL rather than a NOAEL.  OEHHA therefore concludes that 0.1 µg/m3 is an appropriate
REL for nickel oxide.  However, in setting inhalation exposure RELs for groups of compounds,
OEHHA uses the most sensitive strain, species, sex, chronic endpoint, and agent for each group
of substances.  Therefore, as the pulmonary toxicity of the relatively insoluble nickel subsulfide
is greater than that of nickel oxide and closer to that of nickel sulfate, OEHHA proposes to use
the chronic REL derived from nickel sulfate for all other nickel compounds.

VII. Data Strengths and Limitations for Development of the REL

The strengths of the inhalation REL include the availability of controlled lifetime exposure
inhalation studies in multiple species at multiple exposure concentrations and with adequate
histopathogical analysis and the observation of a NOAEL.  The major areas of uncertainty are
the lack of adequate human exposure data and the lack of lifetime toxicity studies in any non-
rodent species.

In addition to being inhaled, airborne nickel can settle onto crops and soil and enter the body by
ingestion.  Thus an oral chronic refererence exposure level for nickel is also required.

Derivation of Oral Chronic Reference Exposure Level

Study Ambrose et al., 1976
Study population Rats
Exposure method Diet
Critical effects Decreased body and organ weights
LOAEL 1000 ppm (50 mg/kg-day)
NOAEL 100 ppm (5 mg/kg-day)
Exposure continuity Continuous
Exposure duration Lifetime
Average exposure 5 mg/kg-day
Human equivalent concentration 5 mg/kg-day
LOAEL uncertainty factor 1
Subchronic uncertainty factor 1
Interspecies uncertainty factor 10
Intraspecies uncertainty factor 10
Cumulative uncertainty factor 300
Oral reference exposure level 0.05  mg/kg-day

The oral REL for nickel used the same study used for the U.S. EPA’s oral Reference Dose
(RfD).  U.S.EPA assumed that rat consumption of 1 ppm Ni in the feed resulted in a dose of 0.05
mg/kg/day.  An uncertainty factor of 10 was used for interspecies extrapolation and another of 10
to protect sensitive human populations.  An additional uncertainty factor of 3 was used by U.S.
EPA to account for inadequacies in reproductive studies of nickel.  OEHHA has not used such
special uncertainty or modifying factor because the criteria for their use are not well presented.
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In addition there is an extensive toxicologic database on nickel in general which includes studies
on reproductive effects.
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